Using intracellular microinjection to introduce the appropriate (Liu et al., 1996) . coalesce laterally into a centrally positioned cylindrical throughout the bleached region. Given the rapid turn- (Cleary, 1995) . Future progress in this area should be aided by the use of Arabidopsis mutants, such as ton over of MTs, it is conceivable that, if flux occurs, it and FASS, that are unable to form a preprophase band could be masked. Further work, particularly with caged (Lloyd, 1995; Traas et al., 1995 directly abut (Zhang et al., 1993) . Ultrastructural analysis gradients has been gained through studies with BAPTAin isolated phragmoplasts of MFs that have been decortype Ca 2ϩ buffers, which reveal that these agents inhibit ated with heavy meromyosin reveal that the barbed or or slow plate formation (Jü rgens et al., 1994) . The explaplus end is directed toward the cell plate (Kakimoto and nation for BAPTA action rests on the supposition that Shibaoka, 1988). With the plus ends being proximal, the those buffers, whose K d is between the high and low MFs are also organized so that a plus end motor would point of the putative gradient, will shuttle Ca 2ϩ from transport vesicles to the plane of the plate. Myosin is regions of high ion concentration to regions of lower ion such a motor, and preliminary evidence indicates the concentration, thus dissipating local gradients. The wellpresence of myosin in the phragmoplast (Parke et al., known inhibition of cell plate formation by caffeine may 1986). also be explained by an effect on intracellular Ca 2ϩ , Although there is considerable preexisting actin in since recent studies of pollen tubes, which are blocked the mitotic apparatus, those MFs associated with the in growth by caffeine, show that caffeine causes a rapid phragmoplast appear to arise de novo in late anaphase dissipation of the tip-focused Ca 2ϩ gradient (Pierson et close to the proximal surfaces of the reforming daughter al., 1996). Techniques such as ratiometric ion imaging nuclei ( Figure 1D ; Zhang et al., 1993) . Thus two groups should help provide direct evidence in support of the of MFs become evident, separated by an unstained idea that similar, caffeine-sensitive gradients are active equatorial zone, within which the cell plate will appear. in cell plates. During the continuing phases of cytokinesis the MF Fusion of Golgi-Derived Cell Plate Vesicles complex shortens in length and expands in girth (Figures Is Mediated by Unique 20 nm 1E,F), eventually reaching the parental side walls. Actin Membrane Fusion Tubes is thus a major part of the phragmoplast and its role Cell plate assembly starts with the transport of Golgimust be considered in key processes such as vesicle derived vesicles along the phragmoplast MTs and MFs transport and cell plate alignment.
to the future site of the cell plate. Understanding how The Preprophase Band Defines a Plasma these vesicles are transformed into a cell plate has been Membrane Zone That Becomes Depleted limited until recently by the ability of researchers to of Cortical Actin Filaments preserve the structural intermediates for microscopical At its inception the orientation of the cell plate is normal analysis. This problem has been overcome by the use to the axis of the spindle apparatus, and as a conseof high pressure freezing/freeze-substitution specimen quence it may be highly skewed relative to the plane of preparation techniques. Of the many new transient the mature plate. This situation is relatively common, membrane structures observed by this method (Figure and is corrected during anaphase/telophase by a pro-2; Samuels et al., 1995) , none is more intriguing than cess of directed intracellular motion in which the entire the fusion tube. Membrane fusion tubes are coated phragmoplast and associated nuclei rotate to a predemembrane tubes that have a diameter of 20 nm and fined position, establishing the developmentally correct appear to grow out of the Golgi-derived vesicles and division plane (Wick, 1991) . The predefined position is, fuse with other vesicles in a process that rapidly conof course, that location along the parental wall that had verts all vesicles into a continuous, fusion tubebeen forecasted in prophase or earlier by the preprogenerated membrane network (Figure 2a) . Interestingly, phase band (PPB) of MTs. tangential views of this network often show peripheral Insight into the nature of the PPB-marked plasma vesicles to be connected by very long (up to 0.5 m) membrane domain has come from several recent stud-U-shaped fusion tubes, consistent with the idea that ies showing that actin MFs, which are dispersed fusion tubes that initially grow away from the vesicle throughout the entire cortical cytoplasm, are aligned aggregate are somehow induced to grow back towards parallel to the MTs at the PPB site. At the prophase/ the aggregate. The idea that fusion tubes may be generprometaphase transition, when the PPB MTs degrade, ated by dynamin-like molecules (Samuels et al., 1995) so too do the similarly positioned MFs (Cleary, 1995, has received support from the recent discovery of and references therein). However, the cortical MFs outphragmoplatin, a dynamin homolog, in cell plates (Gu side the PPB site do not degrade and they remain presand Verma, 1996) . At present nothing is known about ent throughout division. The result is the creation of the properties of the fusion tube coat, but the high radius an actin-depleted zone at the PPB site, which persists of curvature of the tube tip together with the stiffness through cytokinesis, and which can be observed as the imparted by this coat would seem to aid the postulated membrane fusion function. region to which the actin-positive phragmoplast grows Transformation of the Fusion Tube-Generated fenestrated sheet and ultimately into a cell wall (Samuels et al., 1995) .
Membrane Network into a Cell Wall Is a Multistep Process
During the centrifugal expansion of the cell plate, which occurs at a rate of up to 1 m per min, new Completion of the fusion tube-generated membrane network signals the end of the first stage of cell plate vesicles continuously arrive at and fuse with the plate periphery, while the older and more centrally located formation. What follows is a series of steps that both mechanically stabilizes the initial delicate, interwoven cell plate domains simultaneously mature as discussed above (Figure 2d ). When the cell plate reaches the side membrane network and then transforms it into two new plasma membranes and a new cell wall. Mechanical wall, fusion is brought about by hundreds of fusion tubes that arise from the cell plate margin and fuse with the stabilization of the fusion tube-generated membrane network appears to involve two processes: assembly of actin-depleted plasma membrane domain originally demarcated by the preprophase band of MTs (Samuels et a very dense fibrous coat onto the membranes, and consolidation of the membranes into a tubulo -vesicular al., 1995) . Although virtually all of the Golgi-derived vesicles denetwork (Figure 2b ). In the presence of caffeine, both of these processes are inhibited, and the delicate network liver cell wall matrix polysaccharides (hemicelluloses and esterified pectic polysaccharides) to the forming quickly breaks up into vesicles that are eventually resorbed by the cells, indicating a possible role for Ca 2ϩ cell plate, callose remains the dominant polysaccharide until it is enzymatically removed following completion in these assembly processes (Samuels and Staehelin, 1996) . of the new cell wall. Significant amounts of cellulose fibrils, the tensile elements of plant cell walls, can only Transformation of the tubulo-vesicular network first into a tubular network and then into a fenestrated membe detected beginning with the fenestrated sheet phase of cell plate formation (Samuels et al., 1995) . Plasmodesbrane sheet (Figures 2b-d) involves the formation of clathrin coated buds, the deposition of callose (a ␤-1,3 mata, the intercellular communication channels of plants, are also formed during this last stage of cell plate glucose polymer produced by a Ca 2ϩ -activated synthase; Kakimoto and Shibaoka, 1992) in the network formation. The significant progress made in understanding the lumen, the loss of the dense membrane coat, and the disassembly of associated MTs. Because the appearprocess of cell plate formation in descriptive terms has now set the stage for the characterization of these dyance of clathrin-coated buds coincides with the appearance of nearby multivesicular bodies, their main function namic events at the molecular level. appears to be the removal of excess membrane and of selected membrane proteins targeted for destruction.
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